properly cited.
Introduction
Cytomegalovirus (CMV) disease is the leading cause of opportunistic infection in immunocompromised subjects following solid organ transplantation (SOT) [1] . e rate of CMV infection and disease in lung transplant recipients is higher than other solid organ transplant groups [2] . Lung and heart-lung transplant recipients who are not receiving antiviral prophylaxis have a reported incidence of CMV disease ranging from 38% to 75% [3] . Besides causing pneumonitis and direct invasion of other organ tissues such as the gastrointestinal tract, CMV has immunomodulatory effects. As a result, CMV disease is an independent risk factor for development of other bacterial and fungal infections as well as other viral infections such as Epstein-Barr virus and its related posttransplant lymphoproliferative disease [4, 5] . In addition, CMV may be an important risk factor for the development of bronchiolitis obliterans syndrome 2 ISRN Transplantation (BOS) aer lung transplantation, which is the major cause of mortality and morbidity in lung transplant recipients beyond one year of transplant [6, 7] . Given the potential adverse complications and high risk of developing CMV disease, universal antiviral prophylaxis against CMV is adopted by most lung transplant centers.
Prevention of CMV infection and viremia has been well documented in lung transplant recipients using primary or secondary prophylaxis methods as well as avoiding the use of blood products from CMV positive donors and matching lung transplant recipients with donors that are CMV negative. Different modes of drug prophylaxis have been studied in this patient population, which include a combination or individual use of oral and intravenous ganciclovir, oral valganciclovir, and CMV immune globulins. Using these forms of prophylaxis, the incidence of CMV disease aer lung transplantation has been shown to decrease to about 10-20% [8, 9] .
ere is no consensus on the optimal form and duration of CMV prophylaxis. Both the oral and intravenous forms of ganciclovir have been shown in the single organ transplant (SOT) population to be equally effective for CMV prophylaxis [10, 11] . e limitations of oral ganciclovir (1 gm TID) are mainly due to poor oral absorption and low bioavailability, requiring a thrice daily dosing regimen. Intravenous ganciclovir (5 mg/kg) is limited by its associated complications of catheter related infections and thrombosis. is led to the development of valganciclovir (Valcyte). Valganciclovir is an oral prodrug of ganciclovir that has signi�cantly enhanced oral bioavailability compared with oral ganciclovir (60.9% versus 5.6%) allowing for a convenient once or twice daily dosing regimen [12] . is, along with favorable dosing, has led most centers to use the better tolerated valganciclovir as the preferred CMV prophylaxis.
Most recent studies done for CMV prophylaxis in lung transplant recipients have used high-dose valganciclovir (900 mg-1800 mg daily). In a clinical trial that evaluated the efficacy of valganciclovir prophylaxis in SOT patients, leucopenia and neutropenia were observed to be more common in patients who received high-dose valganciclovir as compared to those who received standard doses of oral ganciclovir [13] . is may be related to higher systemic exposure to ganciclovir aer valganciclovir administration, since a nonsigni�cant trend was observed towards a higher incidence of neutropenia and leucopenia with higher systemic exposures to ganciclovir [14] . Systemic exposure to ganciclovir using Low-Dose valganciclovir at 450 mg daily is equivalent to 3 gm daily of ganciclovir [15] . 3 gm of oral ganciclovir has been shown to be equally effective to highdose valganciclovir (900 mg) for CMV prevention in high risk SOT recipients [13] . erefore, the lower dose of 450 mg of valganciclovir would be expected to be equivalent in efficacy to the higher doses, but with fewer side effects. However, this Low-Dose of valganciclovir has never been critically assessed in lung transplant patients.
We present our experience at a single center, in a retrospective chart analysis of 42 consecutive lung transplant recipients who were given 450 mg daily of oral valganciclovir for CMV prophylaxis. e drug was continued for 6 or 12 months, depending upon the donor (D) and recipients (R) CMV status. Our hypothesis is that oral valganciclovir at a lower dose of 450 mg daily is equally effective for CMV prophylaxis in lung transplant recipients as the currently recommended dose of 900 mg once or twice a day, and that at this lower dosage, it will have a better side effect pro�le leading to fewer complications and better patient compliance.
Patients and Methods
e study was conducted at the lung transplant center at Cedar Sinai Medical Center and there was a review of records with waiver of informed consents for reviewing that was approved by the institutional review board.
Study
Design. is is a retrospective chart analysis using electronic medical records. All patients who received lung transplant from Jan 2001 to Dec 2006 at our center were reviewed separately by two independent clinical investigators. Out of a total of 46 patients who received lung transplant at our center, 4 were excluded from our study because they died within thirty days of surgery from postoperative complications. e electronic medical records were reviewed to evaluate multiple variables including the reason of transplantation, single or double lung transplantation, age at transplantation, incidence of acute rejection, CMV status of the donor and recipient, incidence of CMV disease, time of onset of CMV disease from transplantation, incidence of leukopenia, and anemia and GI intolerance while on valganciclovir along with incidence of discontinuation of valganciclovir due to any of these side effects.
All patients except for the low-risk (Donor (D)−/Recipient (R)−) patients received primary prophylaxis for CMV disease with 450 mg daily of valganciclovir given orally starting as soon as they were able to take oral medication. Prophylaxis was continued for at least 6 months except for highrisk (D+/R−) patients who received oral valganciclovir for a total of 12 months posttransplant. Dose adjustments were not made for a decrease in GFR during the study period, although subsequently our practice has evolved to make adjustments in valganciclovir dosing for GFR. All patients received induction immunosuppression at the time of transplantation with daclizumab 1 mg/kg followed by triple drug immunosuppressive therapy with a calcineurin inhibitor, mycophenolic acid, and prednisone started immediately following the transplant procedure. Calcineurin levels were checked, and doses were adjusted to maintain therapeutic levels between 10 and 20 mg/dL for tacrolimus and between 200 and 300 mg/dL for cyclosporine. Mycophenolic acid was started at a dose of 1 gm orally twice a day and then adjusted to maintain a total WBC count between 4.0 and 10.0. Prednisone was dosed between 0.2 and 0.3 mg/kg daily and continued inde�nitely. All patients were also placed on pneumocystis prophylaxis with bactrim. All transplant patients were followed closely in the posttransplant clinic, weekly for the �rst month, every other week for the next 2 months, monthly for the next 6 months, and �nally every 3 months. CMV PCR and cultures were obtained when patients developed any clinical signs and symptoms of CMV disease. Cultures were not routinely drawn to look for asymptomatic viremia nor were CMV antigenemia assays were routinely done. Bronchoscopies with transbronchial biopsies were performed with any clinical sign or symptom of infection, but no surveillance biopsies were done.
2.2.
De�nitions. CMV disease was de�ned as evidence of tissue invasion based on transbronchial biopsy or a positive tissue culture or a syndrome with fever, malaise, leucopenia or diarrhea, or hepatic transaminitis with a positive CMV PCR. Leukopenia was de�ned by a white blood cell count less than 3,500, neutropenia as absolute neutrophil count less than 1,500, anemia as a hemoglobin less than 12, and thrombocytopenia as platelet count less than 100,000.
Treatment of CMV Disease.
For patients diagnosed with CMV disease, a 3-week course of oral valganciclovir 900 mg twice a day was completed [16] as tolerated and was then followed by secondary prophylaxis with oral valganciclovir at 450 mg daily for at least an additional six months. For patients with severe CMV disease, intravenous ganciclovir therapy was initiated and transitioned to oral valganciclovir when clinically improved and able to take oral medication. CMV speci�c immune globulin (Cytogam) was also used on a case by case basis in severe cases of CMV disease.
Results
A total of 46 patients' electronic medical records were reviewed. 4 patients were excluded because they died within 30 days of the transplant from noninfectious causes. 42 patients were included in this study. Demographic and clinical characteristics are presented in Table 1 . A total of 5 out of 42 (12%) patients developed CMV disease aer lung transplant. ese as well as all the other patients who did not develop CMV disease had a negative viral load as determined by CMV-PCR before discontinuing prophylaxis. Mean followup was 26 months posttransplant. Only 2 out of 42 (4.7%) patients developed CMV disease within 6 months of completing oral valganciclovir prophylaxis. None of the patients who developed CMV disease were on oral valganciclovir at the time of onset of the disease. ere was one death attributed to CMV disease complicated by respiratory failure and bronchial anastomotic stricture (Tables 2 and 3) .
Leukopenia occurred in 19 out of 42 patients (42%), and anemia occurred in 30 out of the 42 (71%) while on oral valganciclovir prophylaxis, four out of the 42 patients (9.5%) had their valganciclovir stopped at least temporarily due to leucopenia. Eight out of 42 patients had signi�cant complaints of gastrointestinal intolerance during their posttransplant course, which did not require discontinuation valganciclovir prophylaxis. Fourteen out of 42 patients (33%) developed opportunistic infections other than CMV (mainly Aspergillus, Mucor, and Cryptococcus infections) during the posttransplant course, and 11 out of the 42 had evidence of acute rejection during the aer lung transplant course. 
Discussion
Cytomegalovirus (CMV) remains an important pathogen following solid organ transplantation (SOT) and a signi�cant cause of mortality and morbidity in this patient population. Infection with CMV can present with an acute viral syndrome associated with fever and other constitutional symptoms as well as various speci�c end-organ syndromes including pneumonitis, enterocolitis, nephritis, and hepatitis. CMV may also have indirect (secondary) effects, including allogra injury, rejection, and increased risk of other opportunistic infection. Due to the presence of a large amount of lymphoid tissue in the lung, transplantation of this vital organ involves the transfer of a high viral load of latent donor CMV virus compared to other solid organs transplants [2] . Consequently the risk of developing CMV infection and disease may increase in this patient population with a reported incidence as high as 75% [3] . ere are several options currently available for CMV prophylaxis including intravenous and oral ganciclovir, oral valganciclovir, and CMV hyperimmune globulin. Ganciclovir is effective prophylaxis for CMV disease, but major limitation of oral ganciclovir includes poor oral absorption [10] . Intravenous ganciclovir with its associated complications of catheter-related infusions and thrombosis is impractical. Valganciclovir is an oral prodrug of ganciclovir and has signi�cantly enhanced oral bioavailability compared with oral ganciclovir (60.9% versus 5.6%) allowing for a convenient once or twice daily dosing regimen [12] . Systemic exposure to ganciclovir aer 450 mg of oral valganciclovir given once daily was comparable to that of oral ganciclovir, at a dose of 1 gm three times daily. e systemic exposure to ganciclovir aer 900 mg of oral valganciclovir given once daily was comparable to intravenous ganciclovir, at a dose of 5 mg/kg daily [15, 17] . In a heterogeneous cohort of solid organ transplant patients, the daily systemic exposure (area under the curve in 24 hrs of drug exposure) to ganciclovir was 1.7 times higher aer valganciclovir at 900 mg once a day than aer oral ganciclovir administration at 1000 mg three times a day [17] . is was demonstrated more recently in a small cohort of lung transplant recipients as well, where 900 mg daily of valganciclovir resulted in the equivalent of a mean daily dose of 7.7 mg/kg intravenous ganciclovir [18] . e optimal duration of CMV prophylaxis is unknown, but in general, the longer the duration of prophylaxis, the lower the incidence of primary or recurrent CMV disease. is has been demonstrated in kidney transplant recipients aer six months of CMV prophylaxis with valganciclovir [19] , and in recent studies by Humar and Zamora et al. [20, 21] , it has been demonstrated that a longer duration of prophylaxis is bene�cial. However, it is not clear how much exposure to ganciclovir is required for effective prophylaxis. In a randomized trial of daily versus thrice-weekly prophylactic ganciclovir aer lung and heart-lung transplantation, there was no signi�cant difference in the incidence of CMV infection or disease [22] . Valganciclovir at a dosage of 900 mg daily was compared with oral ganciclovir at 1000 mg three times a day (which leads to similar ganciclovir exposure as with valganciclovir 450 mg daily) in a large multicenter trial of 364 CMV D+/R− solid organ transplant recipients [13] . is trial demonstrated comparable efficacy of the two regimens as well as good viral suppression while on therapy. Again, viremia and disease were most commonly seen aer the discontinuation of prophylaxis. Extended duration of ganciclovir exposure seems to have a better prophylactic effect than a short course, and the higher dosage does not seem to have a bene�cial effect but tends to cause more significant side effects including neutropenia and gastrointestinal intolerance leading to higher discontinuation rates and poor patient compliance. In addition, the ease and convenience of a once daily dosing regimen are likely to improve compliance and quality of life amongst patients who are already taking large amount of other medications following transplantation.
In a clinical trial that evaluated the efficacy of valganciclovir prophylaxis in solid organ transplant patients, leucopenia and neutropenia were observed to be more common in patients who received high-dose valganciclovir as compared to those who received standard doses of oral ganciclovir [13] . is may be related to higher systemic exposure to ganciclovir aer valganciclovir administration, since a nonsigni�cant trend was observed towards a higher incidence of neutropenia and leucopenia with higher systemic exposures to ganciclovir [14] . Other than leucopenia and neutropenia, the safety pro�le of 900 mg once daily of valganciclovir was similar to 1000 mg three times daily of oral ganciclovir. However, these side effects tend to reduce the duration of CMV prophylaxis that lung transplant recipients tolerate thus increasing the risk of CMV disease with shorter prophylaxis regimens [23] .
In this study, we present our single center experience using 450 mg daily of oral valganciclovir as universal CMV prophylaxis aer lung transplantation. Depending upon the CMV serostatus, valganciclovir was given for 6 months or 12 months following lung transplantation. Low-risk patients who had negative donor and negative recipient CMV serostatus did not receive valganciclovir prophylaxis and were not included in the analysis. We report in our retrospective analysis an incidence of CMV disease of 12% with a mean followup of 26 months posttransplant. Prior to initiation of this protocol, the incidence of CMV disease at our center using IV ganciclovir prophylaxis was similar. Most of the published studies on CMV prophylaxis in lung transplant recipients have had an average followup of 6 to 12 months only. ese studies may have missed delayed cases of CMV disease following discontinuation of prophylaxis. Since there is lack of a large randomized trial for optimum prophylaxis for CMV disease following lung transplantation, there is still no consensus on the best approach. Different centers have varying dosages, drugs, and regimens for CMV prophylaxis, which makes comparison between different reported results difficult with some using IV ganciclovir, CMV immune globulins, and valganciclovir in different combinations and varying lengths of time. Recently Zamora et al. [21] evaluated valganciclovir for CMV prophylaxis in lung transplant recipients. All patients received 30 days of IV ganciclovir and three doses of CMV immune globulin (if R+) or 90 days of IV ganciclovir with seven doses of CMV immune globulin (if D+R−). is was followed by oral valganciclovir of 900 mg a day for attempted durations of 180, 270, and 365 days. ey compared the incidence of CMV disease in these patients with a historical control and showed a signi�cant improvement (2.2% versus 20%). Patients were followed for a total of 6 months aer stopping oral valganciclovir. is is the best-reported incidence of CMV disease in the literature. With a similar followup time, there is no signi�cant difference in our incidence of CMV disease within 6 months of discontinuation of valganciclovir prophylaxis at the lower dose (4.7% versus 2.2% with a P value of 0.8). However, the number of patients who had to discontinue valganciclovir due to side effects was signi�cantly lower in our patient population (9.5% versus 32% with a P value of 0.01). us, the incidence of CMV disease in our lung transplant patients is similar to the best reported in the literature to date, but our prophylactic regimen seems to be better tolerated, with fewer signi�cant side effects leading to better patient compliance. is data, however, needs to be interpreted in light of the fact that our patient populations are different and that our immune-suppression regimens are not identical.
CMV resistance to ganciclovir has become a growing concern; however, the clinical relevance of this is still unknown [24] . It is likely the result of both the magnitude and duration of antiviral exposure to systemic ganciclovir. ere are some concerns that at a Low-Dose valganciclovir may promote development of ganciclovir resistance. However, there is no data to substantiate these concerns. We did not monitor ganciclovir resistance in our cohort, but all the patients who developed CMV disease responded well to oral valganciclovir at a higher dosage or intravenous ganciclovir. Also our data supports the current understanding that anti CMV prophylaxis does not completely eliminate the risk of developing CMV disease but oen simply delays the onset of disease. is changing epidemiology of CMV disease following solid organ transplantation is now a well-recognized consequence of the widespread use of antiviral prophylaxis. With our longer duration of followup, we now have reported cases of CMV disease developing as late as three years posttransplant. Whether this suggests that a more prolonged course of prophylaxis is bene�cial will require further study. We believe that the patients in this study who developed CMV disease aer discontinuation of oral valganciclovir did so due to "early" discontinuation of prophylaxis rather than insufficient dosing during prophylaxis and could have bene�ted from longer duration of prophylaxis.
Our paper has some obvious limitations. Clearly a prospective randomized clinical trial would be a superior study design. e optimal regimen for CMV prophylaxis in solid organ transplant patients needs further evaluation with a randomized trial, taking into account the changing epidemiology of the disease, the availability of simpler dosing regimens, the clinical signi�cance of asymptomatic viremia, and the emergence of viral resistance.
In summary, we report our experience with Low-Dose of oral valganciclovir for a longer duration of time which seems to be safe and effective for CMV prophylaxis with much lower incidence of side effects and complications leading to better patient compliance and reduced rate of discontinuation of the drug.
